Abstract. To study the sterilization mechanism of ohmic heating on Alicyclobacillus acidoterrestris, the microbe was treated by self-made ohmic heating installation. The sterilization effect of ohmic heating on the microbe was observed by environmental scanning electron microscope (ESEM). Conductometer and ultraviolet spectrophotometer was used to detect the variation of bacterial suspension. ESEM photographs of treated Alicyclobacillus acidoterrestris showed that pitting and damage appeared on Alicyclobacillus acidoterrestris' surface, which resulted from the ohmic heating. And the increase of the electrical conductivity and the OD value indicate the precipitation of the intracellular contents. Results showed that ohmic heating results in the electroporation phenomenon of Alicyclobacillus acidoterrestris.
Introduction
As a novel food processing technology, the ohmic heating can be used for blanching, thawing, evaporation dehydration, fermentation and pasteurization of food materials [1] . At present, most research focused on the use of ohmic heating for heating and sterilization of liquid foods containing particles. Based on Alicyclobacillus acidoterrestris difficult of control in the orange juice, the authors ever investigated the sterilization effect of ohmic heating on Alicyclobacillus acidoterrestris and its spores for the first time. It is found the sterilization rate increased with the increase of voltage, the decrease of pH value and the increase of the heated volume, but heating time almost had no effect on sterilization rate [2] . On that basis, the sterilization mechanism of ohmic heating is further explored in order to provide a theoretical basis for sterilization applications of the ohmic heating.
Materials and Method

Experimental Bacterial Strain
Alicyclobacillus acidoterrestris DSM NO.3922, which was purchased from Germany, are inoculated in K medium and stored at 4 ℃. K medium is prepared by the standard of Krueger Food Laboratories Inc. [3] 
Instruments and Equipments
Ohmic heating device, a self-made ohmic heating installation, is made up of the power supply, heating devices and control systems. The power is composed of TDGC-5 contact voltage regulator and the corresponding circuits; heating device includes four heating tanks (welded together by polypropylene plates) and titanium plate electrode; control systems consist of a PT100 temperature sensor and control feedback circuit. Environmental scanning electron microscopy of Quanta 200 of Philips-FEI Company, conductometer of DDSJ-308A from Shanghai Precision & Scientific Instrument Co., Ltd. and ultraviolet spectrophotometer 3010 from Japan's Hitachi.
Operation Method of Ohmic Heating
First put the orange juice inoculated with bacterial suspension in a heating tank and connect circuits, followed by setting heating temperature through XTD-7000 temperature control instrument. Pipet 5ml bacteria by a sterile pipette and determine the initial number of colonies before connecting the power supply. And then heat up when the voltage is transferred to the required voltage value after connecting the power supply. When the juice is heated to set temperature, the system automatically cuts off and keeps the temperature constant. When juice temperature lowers set temperature by 1°C, the system will be automatically connected to the circuit and restart heating process. 
Observation of Alicyclobacillus acidoterrestris by Environmental Scanning Electron Microscope (ESEM) [4]
Clean the glass slides with alkaline soap and distilled water to neutral, then air dry and sterilize to keep spare. Pipet 0.2mL bacterial suspension to coat uniformly treated glass slides. Fix the glass slides on sample stage with conductive adhesive and put in ion sputtering equipment to spray gold after natural drying. Then make observation by environmental scanning electron microscope of Quanta 200 and take scanning images. The conditions of spraying: pressure is 0.1 mBar, current is 34 mA and time 100 s.
Precipitation of Intracellular Contents Detected by Conductometer [5]
Take proper bacterial suspension in juice and fully blend, then have ohmic heating. Pipet 5mL bacterial suspension by aseptic pipette and centrifuge 5 min in 4000 r/min. Measure the conductivity with DDSJ-308 conductometer and have comparison with the bacterial suspension untreated by ohmic heating. Determine each processing parallel three times, and then take the average value. Connect the temperature sensor with the equipment when measuring the conductivity, the instrument automatically compensated the conductivity value at 25 ℃ by set temperature coefficient.
Precipitation of Intracellular Contents Detected by Ultraviolet Spectrophotometer
Take proper bacterial suspension in juice and fully blend, then have ohmic heating. Pipet 5mL bacterial suspension by aseptic pipette and centrifuge 5 min in 4000 r/min. Measured the OD value at 260nm and 280nm using ultraviolet spectrophotometer and have comparison with the bacterial suspension untreated by ohmic heating. Determine each processing parallel three times, and then take the average value.
Experimental Results
ESEM Analysis of Alicyclobacillus Acidoterrestris
Figs. 2 and 3 show ESEM results of Alicyclobacillus acidoterrestris untreated and treated by ohmic heating, respectively. Untreated Alicyclobacillus acidoterrestris is full in the appearance, and smooth on the surface with no defect. But cell shape of treated Alicyclobacillus acidoterrestris changed followed by pitting and damage to a certain extent, which is attributed to electroporation phenomenon brought on the rise of transmembrane potential under electric field. 
Precipitation of Cell Contents Detected by Conductometer
The conductometer was used to measure the conductivity of bacterial suspension treated by ohmic heating. Meanwhile, the conductivity of treated bacterial suspension was compared with that of untreated bacterial suspension, and its results are shown in Tab. 1. It is seen from Table 1 that ohmic heating can make the conductivity of bacterial suspension increase. All else being equal, the conductivity of treated bacterial suspension increased with increasing voltage. The increase in conductivity indicates that ion concentration in bacterial suspension increased. This is mainly attributed to the leakage of intracellular ion substances.
Balanced electric field is formed by induced charges in biological cells in the natural environment. The induced charges are made of free charge, polar molecule, and soluble ions. By enhancing electric field, displacement happened to polar molecules under electrostatic force. If the electrostatic force could be large enough, the damage of cell membrane would be brought on to make intracellular substances separate out, which resulted in the increased conductivity of the solution.
Precipitation of Cell Contents Detected by Ultraviolet Spectrophotometer
After bacterial suspension is treated by ohmic heating, the ultraviolet spectrophotometer is used to the OD value of treated detect bacterial suspension at 260nm and 280 nm, respectively. Meanwhile, the conductivity of treated bacterial suspension was compared with that of untreated bacterial suspension, and its results are shown in Tab. 2.
It is found from Table 2 ohmic heating can make the OD value of bacterial suspension increase. All else being equal, the OD value of treated bacterial suspension at 260nm and 280 nm increased with increasing voltage. The increase in OD value indicates that ion concentration in bacterial suspension increased which is mainly attributed to the precipitation of intracellular proteins and nucleic acid.
The maximum absorption peak for cell DNA and RNA is at 260nm. Purine, pyrimidine, nucleoside, nucleotide and nucleic acid have ultraviolet absorption characteristics. The benzene ring of tyrosine and tryptophan residues in proteins contains conjugated double bonds, and its absorbance is proportional to its content with the absorption peak at 280 nm [6] . Microorganisms in vivo rich in proteins and nucleic acids, and under conditions of normal metabolism, the macromolecules can not penetrate through the cell membrane and cell wall. But via ohmic heating, cell membrane got damaged and intracellular substances separated out, making the solution conductivity increase.
Discussion and Conclusion
With regard to the mechanism of electroporation, most research focused on high-voltage pulsed electric field (PEF) shown in Figure 3 . High-voltage pulse resulted in electroporation for blood cells [7] . Recently it is found that low-intensity (E<100 V/cm) electric field can improve the extraction rate of the material and improve processing efficiency. But its mechanism is not yet clear, and it is supposed that electric breakdown or electroporation occurred. Lima et al. [8] found that low-frequency ohmic heating can significantly improve the orange juice yield.
Lakkakula et al. [9] found that all else being equal, increasing electric intensity or lower-frequency ohmic heating can greatly improve rice bran oil extraction rate. It is concluded by Praporsci [10] that the electric intensity of 50 V/cm, ohmic heating can obviously improve the orange juice yield and the drying rate of potato chips through the comparison between the treated orange juice by ohmic heating and the untreated orange juice. Sastry et al. [11] speculated that in the process of low-frequency ohmic heating, charges were more easily accumulated in the cell wall, and pores were generated in the cell membrane, resulting in electroporation. Now, a growing number of studies have shown that ohmic heating has electroporation effect on microorganism, resulting in the inactivation of the cells. Cho et al. [12] investigated the fermentation process of Lactobacillus acidophilus under the action of electric field, and results showed that due to the presence of the electric field, although the fermentation lag phase was significantly shortened, the yield of fermentation will be greatly reduced at the same time. This is mainly because slight electroporation was brought on by ohmic heating, which promoted the transshipment of the substrate in the early stage of fermentation, so that the fermentation delay was shortened, and the fermentation process was accelerated. Cho et al. [13] investigated the sterilization effect of ohmic heating on Bacillus subtilis; the results showed that compared with traditional water bath heating, ohmic heating can accelerate the inactivation of spores under the same conditions of temperature. If a two-level ohmic heating installation was adopted, microbial inactivation rate could further accelerated. It is concluded by the research of Lee et al. [14] that in contrast with traditional boiling water heating, ohmic heating promoted the precipitation of intracellular substances in Saccharomyces cerevisiae. Chang et al. [15] treated Escherichia coli with ohmic heating and thought ohmic heating sterilized through thermal action combined with electric field, so the sterilization effect is better than that through single thermal action. Non-thermal effect generated by ohmic heating is mainly due to the low-frequency (50Hz-60Hz) electric field, which made field intensity increased, so the cell wall reached the breakdown voltage, thus forming micropores.
In the present study, after Alicyclobacillus acidoterrestris was treated with ohmic heating, it was observed through environmental scanning electron microscope (ESEM) pitting and damage appeared on the bacterial cell surface. It is found through conductometer and ultraviolet spectrophotometer that the conductivity and OD value of bacterial suspension increased. Accordingly it is assumed that ohmic heating brought on electroporation of Alicyclobacillus acidoterrestris cell membrane, resulting in the precipitation of intracellular contents and the death of the cell.
